In a previous publication (Ogilvie, 1959) an account was given of the functional disturbance in emphysematous patients without radiologically visible bullae. The purpose of this second paper is to describe the patterns of pulmonary dysfunction in 14 patients with pulmonary bullae and to compare these with the patterns observed in emphysematous patients without bullae. These patients were unselected in that they represented 14 consecutive referrals to the pulmonary function laboratory at the London Hospital. The methods used for measurement of lung function were those described previously (Ogilvie, 1959) . Baldwin, Harden, Greene, Cournand, and Richards (1950) described 16 patients with large pulmonary air cysts or bullae and divided them into three groups according to the disturbance in pulmonary function. This classification was based upon the freedom of communication between the large cyst and the bronchial tree and the functional state of the remainder of the lungs. In 14 of these 16 patients, the large cysts or bullae occupied at least the whole of one hemithorax. The authors themselves observed that it may be impossible to judge whether ventilatory insufficiency is due to mechanical interference from a tension cyst or to severe generalized changes in the lungs. In the present series of 14 patients with pulmonary bullae, large bullae occupied more than one-third of the hemithorax in only two, and in two others there were diffuse " honeycomb " changes without large bullae. In five patients, pulmonary function studies were repeated after the larger bullae had been removed. It was therefore hoped that, by studying patients in whom considerable volumes of pulmonary tissue were not compressed or destroyed by giant tension cysts, more exact information might be obtained regarding the functional disturbance in the lungs as a whole.
RESULTS
The 14 patients with pulmonary bullae have been divided into four subgroups on the basis of clinical and radiological findings. The clinical, radiological, and physiological data are recorded in Tables I-III. Group A includes five patients between the ages of 37 and 56. The average age at the time the bullae were first discovered was 35 years. Three had first presented with spontaneous pneumothorax and in the other two bullae had been found in a routine radiograph. They all complained of only slight dyspnoea which was not progressive, although four of them were known to have had bullae in the lung for more than seven years. Bronchitis was not conspicuous: three of the patients were free of cough while the other two only complained of a slight cough for two or three weeks each winter. Three of the five patients gave a history of pneumonia in childhood. In each case the chest radiograph ( Fig. 2) revealed one or more large bullae in the upper part of the right lung occupying from one-quarter to two-thirds of the hemithorax. In the oldest patient (No. 24) the radiograph also showed many smaller bullae in both lungs. A bronchogram in one patient showed no abnormality apart from some displacement of the bronchial tree by the bullae.
Pulmonary function studies showed that in this group the bellows action of the lungs was only slightly impaired. The mean vital capacity was 93% of predicted normal and the mean maximum voluntary ventilation at 80 respirations per minute (M.V.V.80) 84%. This slight impairment of bellows action was due to a reduction in the maximum inspiratory and expiratory flow rates equally. The diffusing capacity was normal in one patient and moderately reduced in two. The most characteristic abnormality was the increase PATTERNS OF DISTURBED LUNG FUNCTION in functional residual capacity (mean: 177% predicted normal) and residual volume (mean: 233% predicted normal) in the absence of any significant degree of expiratory bronchial obstruction as measured by the maximum expiratory flow rate (Fig. 1) . The ratio of residual volume to total lung capacity was also increased in every case despite the fact that the vital capacity was within the normal range.
The larger bullae were removed from four of these five patients months after excision of the bullae. The findings before and after operation are recorded in Table  IV (this table also When he was 35, a routine miniature radiograph of the chest showed an air-filled cyst or bulla at the right lung apex occupying rather less than one-half of the hemithorax. At this time he was free of symptoms. From the age of 38, he complained of a slightly productive cough lasting for about two weeks several times each year. He had noted discomfort in the right side of the chest, and breathlessness on severe exertion (hurrying upstairs or running for a bus) for six months before his first attendance at the London Hospital. On examination, there was no cyanosis or clubbing of the fingers. There was a slight fullness of the intercostal spaces below the right clavicle, but the trachea and heart apex were in the normal positions. Chest expansion and breath sounds were diminished and the percussion note increased at the right apex. No adventitious sounds were heard. The chest radiograph showed a large air-filled bulla occupying the upper two-thirds of the right hemithorax.
Resting minute ventilation, vital capacity, M.V.V.80, and maximum flow rates were all within the normal range. The residual volume was increased to more than two and a half times the predicted normal and the ratio of residual volume to total lung capacity was increased. Alveolar mixing efficiency and pulmonary diffusing capacity were moderately impaired.
At thoracotomy, a large emphysematous bulla was found arising from the posterior segment of the right upper lobe. Many smaller bullae, varying in diameter from 0.5 to 3 cm., were found over the pleural surface of the lung especially at the edges of the lobes. The bullae tended to be larger and more numerous over the upper lobe than over the middle and lower lobes. The lower lobe was collapsed by compression. Apical and posterior segmental resections were performed and the patient made an uneventful recovery. Four months later, he stated that he was now able to run for a bus without undue breathlessness. The which remained at more than two and a half times the normal value, nor in the ratio of residual volume to total lung capacity.
Group B includes two young men in both of whom a large solitary basal bulla, discovered in a routine radiograph (Fig. 3) (Table IV) . 
PATTERNS OF DISTURBED LUNG FUNCTION
The five patients in Group C all gave a history of recurrent attacks of bronchitis and increasing dyspnoea on exertion for an average period of 12 years. One patient had also suffered from asthmatic attacks since eirly childhood. The degree of disability was severe in four of the five patients and, in two of these, episodes of right heart failure had occurred. One patient subsequently died as a result of a spontaneous pneumothorax, but none of the others gave a history of this condition. The physical signs in each case were those of generalized bronchitis and emphysema. The chest radiographs (Fig. 4) all showed a bulla immediately above the diaphragm (on the right side in three cases and on the left in two) occupying from a third to a half of the hemithorax. The lungs appeared overinflated and both sides of the diaphragm were depressed.
The results of pulmonary function studies were similar to those found in chronic obstructive vesicular emphysema without bullae, the only difference being that the mean increase in residual volume was considerably less (Fig. 1) , and the total lung capacity was consequently within normal limits. The mean values for vital capacity, mechanical function, alveolar mixing efficiency, and diffusing capacity were essentially the same in these two groups. In case No. 31 the differential function of the two lungs was studied by bronchospirometry. The left lung, which contained a bulla occupying half the hemithorax, was found to be contributing 39% of total ventilation, 36% of total oxygen uptake, and 38% of the total vital capacity (normal contribution: 45%).
Group D consists of two patients, aged 58 and 61, in whom chest radiographs (Fig. 5) The most striking abnormality of function in both these patients was the severe impairment of diffusing capacity (mean value 24% normal) in the presence of relatively good " bellows action " (mean value for M.V.V.80=87% normal). This was associated with hyperventilation at rest, the minute volume being raised to between two and three times the normal level, and desaturation of the arterial blood. A (Miller, 1927; Price and Teplick, 1946) . The clinical picture of " bullous emphysema " has been distinguished from that of " chronic obstructive vesicular emphysema" by Belcher and Siddons (1954) . Bullous emphysema tends to develop at an earlier age. It commonly starts in the upper lobes, but both lungs may become diffusely affected. A history of spontaneous pneumothorax was given by nearly half the patients reported by Belcher and Siddons, but this is relatively rare in chronic obstructive vesicular emphysema (Christie, 1952) . Conversely, bronchitic symptoms and signs were recorded in less than a quarter of the patients with bullous emphysema but are a common concomitant of chronic obstructive vesicular emphysema (Christie, 1952) . The aetiology of bullous emphysema is not known, but the lesions are almost certainly acquired and degenerative (Belcher and Siddons, 1954) . Infection has been implicated (Almeyda, 1949) , and the history of pneumonia in childhood in-three of the five patients in the present study may therefore be relevant.
A pattern of disturbed function characteristic of this group of patients has not previously been described. Ten of the 16 patients with large air cysts or bullae reported by Baldwin and others (1950) had an increased residual volume and were regarded as having emphysema in the remainder of the lungs. Except for a reduced total lung capacity, however, the function pattern was indistinguishable from that found in a group of emphysematous patients without bullae. There was severe impairment of the maximum breathing capacity and evidence of expiratory bronchial obstruction. It has already been noted that most of the patients of Baldwin and others had giant tension cysts which may well have masked the functional state of the compressed lung tissue. In the present study, the patients with bullous emphysema showed an increase in residual volume and functional residual capacity to within the range observed in chronic obstructive vesicular emphysema, yet there was relatively little evidence of expiratory bronchial obstruction (see Fig. 1 ). This finding suggests that the overinflation of the lung may be due more to inspiratory traction acting upon damaged pulmonary tissue than to generalized obstruction to air flow during expiration. This suggestion is supported by the observation that the functional residual capacity showed no significant fall after removal of the larger bullae, even where there was an improvement in the expiratory flow rate to a high normal value. The persistence of the increase in functional residual capacity to approximately twice predicted normal after operation cannot be attributed to compensatory emphysema in the remainder of the lung since in no case were more than two lung segments excised. These postoperative findings indicate (1) that the individual large bullae were not responsible for the preoperative increase in functional residual capacity, and (2) that they had produced a remediable disturbance in lung function only when occupying more than one-third of the hemithorax. In two patients, the post-operative excess of functional residual capacity and residual volume was the only remaining evidence-clinical, radiological, or physiological-of the widespread bullous changes observed at thoracotomy.
GROUP B.-The two patients in this group conform to the description by Belcher and Siddons (1954) Pulmonary function studies in these two cases predicted the finding at thoracotomy that the remainder of the lungs was healthy. These studies also confirmed the observation in the previous group that cysts may occupy one-third of the volume of the hemithorax without producing a detectable disturbance in lung function: values for pulmonary function were normal in both patients and, in one, showed no change after the cyst had been excised (see Fig. 1 ). A lack of significant improvement in the degree of dyspnoea after the removal of cysts occupying less than one-third of the hemithorax has also been recorded by Capel and Belcher (1957) .
GROUP C.-The clinical and physiological findings in these five patients are characteristic of chronic obstructive vesicular emphysema. However, they can be distinguished from emphysematous patients without bullae by the finding of a much smaller increase in residual volume resulting in a normal total lung capacity. This may indicate that the bullae are not freely ventilated and are behaving as " spaceoccupying" lesions. The fact that they encroach more upon the residual volume than upon the vital capacity suggests that they may not in every case exert a:a unfavourable influence upon lung function. Indeed, it might even be argued that bullae of this size could encourage more efficient ventilation by partial deflation of the overdistended lung. In this connexion, it should be noted that the patient with the largest bulla in this group (Case 31) was the least disabled and that, although the bulla occupied rather more than half the left hemithorax, the lung on this side was still able to contribute about 38% of the total lung function (normal contribution: 45%). LUNGS.-Although the bullae occupied one-third of the hemithorax, the patients in this group were free of symptoms and tests of pulmonary function were entirely normal. Pulmonary function studies were repeated in five patients from Groups A and B after removal of the larger bullae. There was a slight improvement in function when the bulla had occupied one-half or more of the hemithorax, and no improvement when the bulla had occupied onethird of the hemithorax.
GROUP C. BULLAE ASSOCIATED WITH CHRONIC OBSTRUCTIVE VESICULAR EMPHYSEMA. -The patients in this group gave a long history of recurrent bronchitis associated with moderate to severe disability. The bullae were all situated in the lower lobes. The clinical and physiological picture was identical to that observed in patients with chronic obstructive vesicular emphysema without bullae except that the increase in residual volume was considerably less. It was suggested that in this group the bullae may not exert an unfavourable influence on pulmonary function when they encroach more upon the residual volume than upon the vital capacity.
GROUP D. "HONEYCOMB LUNGS."-The two patients in this group gave a relatively short history of rapidly progressive dyspnoea culminating in severe disability. The chest radiographs showed "honeycomb " changes diffusely affecting both lungs; there were no giant bullae. In one case, the changes were attributed to a diffuse interstitial tuberculous pneumonitis. As in Group A, there was an increased residual volume without commensurate expiratory bronchial obstruction. There was in addition a severe degree of alveolo-capillary block. These findings are in keeping with the known pathogenesis of honeycomb lung.
In conclusion it may be said that the functional disturbance in patients with pulmonary bullae is determined more by the state of the lungs as a whole than by the effect of an individual bulla which occupies less than half of one hemithorax. 
